This report describes a case of postoperative bilateral brachial plexopathy following laparoscopic bariatric surgery. The patient, a 39-year-old morbidly obese man, developed motor and sensory deficit, loss of reflexes, and pain in both arms postoperatively. Slow, but complete recovery occurred over nine months. We postulate that the head-up position in obese patients, without specific arm support, is a risk factor for brachial plexus injury.
Brachial plexopathy is a syndrome of diverse aetiologies, which produces motor and sensory deficit and alteration of tendon reflexes in the upper limb. Postoperative brachial plexopathy has been described in a wide range of surgical settings, first by Budinger in 1884 1 . It is useful to distinguish those cases caused by body position-the subject of this report-and those attributable to the surgical procedure itself (such as median sternotomy 2 ).
To our knowledge, the intraoperative risk factors for brachial plexopathy have never been examined in a randomized trial. However, based on case reports 3, 4, 5 and cadaveric studies 6, 7 , risk factors probably include abduction, external rotation, and extension of the arm; bilateral arm abduction; posterior shoulder displacement; rotation of the head; and Trendelenberg (head-down) position.
We recently encountered a patient who developed bilateral brachial plexopathies during laparoscopic surgery in the head-up position. We describe this patient, discuss the possible mechanisms of injury, and review the literature.
CASE HISTORY
A 39-year-old, 130 kg man (height 169 cm, BMI 45.5) underwent a five-and-a-half hour laparoscopic 'Roux-en-Y' gastric bypass procedure for weight reduction under general anaesthesia. His medical background included hypertension, asthma, sleep apnoea, obesity, depression and a 15-year history of non-insulin-dependent diabetes mellitus.
In the operating theatre he was positioned supine with arms on padded boards in the same plane as his body, pronated, and abducted to no greater than sixty degrees. His head was maintained in a neutral position and no shoulder braces were applied. For three-and-a-half to four hours of the five-and-a-half hour procedure his entire body was in approximately 40° head-up position with muscle paralysis. There was no significant hypotension, oxygen desaturation, hypercapnoea or hypothermia. Blood glucose control required boluses of insulin in addition to a glucose/ insulin/potassium infusion.
In the recovery room he noted numbness and marked weakness of both arms. Examination by a neurologist on the second postoperative day showed mild right ptosis and miosis (Horner's syndrome). There was severe (left) and moderately severe (right) weakness of elbow flexion, and mild or moderate weakness of other muscles in both arms. The biceps and supinator reflexes were absent on both sides, with preservation of the triceps reflexes. There was sensory alteration in the C6-T1 dermatomes on the left and the C6-C8 dermatomes on the right. Neurologic examination of his legs was normal.
This was the clinical picture of bilateral brachial plexopathy, with maximal involvement of the upper brachial plexus components. The Horner's syndrome suggested involvement of the right T1 nerve root. Chest X-ray excluded cervical ribs, and an MRI scan of the head and cervical spine were normal.
Approximately three or four days postoperatively, as motor function began to recover, he developed diffuse burning pain in both arms. On discharge on day seven, there had been some improvement of the strength in both arms. Partial relief from hyperaesthesia and burning discomfort on the lateral aspects of the forearms and hands was obtained with a combination of clonidine patches, amitriptyline, and tramadol. At neurological review three months postoperatively, there had been a decline of pain levels. Examination showed mild bilateral weakness of C5-6 and some other arm muscles. The biceps and supinator reflexes remained absent bilaterally. The sensory alterations were unchanged.
Nerve conduction studies in the arms and right leg at three months showed mild right carpal tunnel syndrome but no other abnormalities. Needle electromyography showed fibrillation confined to the right biceps, mildly reduced motor unit recruitment in this muscle and mildly increased insertional activity in the left biceps. The studies were consistent with bilateral brachial plexus stretch injury. There was no indication of a background diabetic peripheral neuropathy. At nine months postoperatively, there was complete resolution of sensory and motor symptoms. Pain was only precipitated by moderate exertion.
DISCUSSION
The overall incidence of nerve or plexus injury due to operative positioning during surgery is low. A retrospective review of 50,000 operations at Colorado General Hospital found 72 cases (incidence 0.14%), although the authors acknowledged that this was likely an underestimate 3 . Brachial plexopathy (28 cases, incidence 0.06%) was the commonest single entity. Another review of more than 30,000 operations over a six-year period found a very similar incidence of peripheral nerve injury (0.1%) 9 .
The incidence of brachial plexopathy during laparoscopic procedures was considerably higher than the above in a gynaecology unit where five of 107 patients developed brachial plexopathy over a five month period 4 . All the affected patients were positioned between 20 and 30° head down, with shoulder braces, and the right arm abducted to 90°. Four of the brachial plexopathies were right-sided and one was bilateral. The authors concluded that the plexopathies resulted from a combination of arm abduction and the use of shoulder braces. No further cases occurred in this unit from 1986 to 1993 after a change in positioning protocol ensured both arms were by the patient's side with braces applied directly over the acromioclavicular joints.
Bilateral brachial plexopathy attributable to surgical positioning has seldom been reported. Table  1 summarizes the previous reports and our own. The mean age of the patients was 39.7 years. The operations were abdominal or pelvic, or involved a combination of breast and reconstructive surgery. Eight of the 14 operations involved head-down or head-up positioning of the patient. Unilateral or bilateral arm abduction occurred in all but two cases. The mean duration of surgery (stated in 11 cases) was 3.4 hours. Where stated, the plexopathy was global, or involved the upper more than the lower plexus. The prognosis for recovery of arm function was generally good; most patients recovered completely, or almost completely, over a period of several months. Stretch resulting from arm abduction was probably the chief cause of the plexus injuries in most of the previously reported patients. Kwaan and Rappaport measured the tension across the brachial plexus in various arm positions in nine cadavers 6 . The tension increased with abduction or extension of the arm, and with rotation of the head to the contralateral side. Maximum stretch occurred with the arm simultaneously abducted to 90° and extended 30°. Simultaneous abduction of both arms had an additive effect on the tension on both sides. Direct external compression of the plexus, as might be expected to occur with shoulder braces, did not appear to be a contributing factor. Stretch, from whatever cause, can produce distortion or tearing of surface or intraneural blood vessels, resulting in additional ischaemic injury 19 .
Head-up intraoperative positioning occurred in three of the cases of bilateral brachial plexopathy, including our own. With such positioning, it is possible to envisage stretch of the plexuses resulting from caudal displacement of the shoulders and arms under gravity. Although we cannot prove the mechanism of the injury, we postulate that this was the predominant mechanism of plexus injury in our patient, in whom arm abduction was less than 60° at all times. An additional contributing factor in our patient was pathologically heavy shoulders and arms due to obesity. Our patient (and we suspect most of the patients in Table 1 ) received long-acting neuromuscular blocking drugs, and this would facilitate such displacement of the arms. In patients where intraoperative head-up position is required, we suggest that the use of a suction beanbag (as is used for head-up shoulder surgery) could successfully prevent intraoperative movement of the arms.
Prolonged duration of surgery over two hours appears to be a common factor amongst many of the cases reported in Table 1 .
Diabetes may have been a further factor in our patient. Diabetic peripheral nerve tissue has enhanced susceptibility to ischaemia. After just 20 weeks of streptozocin-induced diabetes, the sciatic nerve in rats showed severe pathological alterations following ischaemia induced by microspheres 20 . Control nerves were normal or showed only minor changes. The predominant pathological change in the diabetic nerves was demyelination. Diabetic nerve tissue is also more susceptible to reperfusion injury following a period of ischaemia 21 .
There is little evidence that obesity alone is a major risk factor for postoperative neuropathy. Warner et al found a positive correlation between increased body mass index (BMI>38) and ulnar neuropathy following general anaesthesia 22 .
The differential diagnosis in our patient included post-surgical idiopathic brachial neuritis, which is a clinical syndrome characterized initially by severe pain in the shoulder region, followed by patchy atrophy and weakness of shoulder and arm muscles. Sensory loss is variable and is usually less prominent than the motor deficit. Idiopathic brachial neuritis is usually unilateral, but mild contralateral involvement is recognized. The condition sometimes appears to be triggered by a surgical procedure 23 . The immediate onset of symptoms postoperatively in our patient, the degree of bilateral involvement, and the delayed onset of pain all favour brachial plexus stretch injuries over post-surgical idiopathic brachial neuritis.
In summary, we report a patient with bilateral brachial plexopathy most likely due to positioning during surgery. Head-up intraoperative body position should probably be added to the list of risk factors for postoperative brachial plexopathy.
